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GROWTH OF IMMATURE STANDS OF PONDEROSA PINE 
IN THE BLACK HILLS 
by 
Clifford A. Myers and James L. Van Deusen 


: INTRODUCTION 


Expanded precommercial thinning and harvest of roundwood in the Black 
Hills have increased interest in the effects of density and other stand character - 
istics on the growth of immature stands. Available information, however, is 
limited. Meyer (1938) stated that his regional yield tables are probably not 
applicable to Black Hills conditions. Normally stocked young stands stagnate, 
hence stand age is not a good indicator of tree size or volume. Also, the yield 
tables do not indicate possible changes in growth through reduction of stand 
density. The required information cannot yet be obtained from permanent plots. 
Data from thinned plots represent only a narrow range of sites, stand diameters, 
and other characteristics (Myers, 1958). Growth and mortality plots on the 
Black Hills National Forest were established too recently to provide data for 
periods of 10 or 20 years. 


Until data from permanent plots or yield tables become available, approxi- 
mate methods of estimating growth must be used. One rapid approximation is a 
comparison in which past stand measurements and subsequent growth are recon- 
structed from present stand measurements and increment cores. These values 
are used to predict the growth of stands now similar to what the reconstructed 
stands were in the past. Such a method has been developed for immature 
ponderosa pine (Pinus ponderosa Laws.) in the Black Hills of South Dakota and 
Wyoming. Changes in diameter, basal area, and volume can be estimated for 
10- and 20-year periods by the use of conventional stand measurements. 


METHODS USED 


Fifty-seven temporary plots were selected in the Black Hills of South Dakota 
and Wyoming and the Bear Lodge Mountains of Wyoming. Plot sizes varied with 
tree size and stand density; most had about 150 trees. Even-aged (range 20 years 
or less) thinned and unthinned stands averaging 3 to 12 inches d.b.h. were sampled 
in a wide range of site indexes and stand densities and reconstructed to conditions 
20 years before measurement, as shown in the followiug tabulation: 


Factor Range measured 
Site index 37 to 73 feet (base 100 years) 
Age 31 to 148 years 
Trees 202 to 5,575 per acre 
Basal area 23 to 234 square feet per acre 
Average d.b.h. 1.9 to 10.8 inches 
Total cubic feet 115 to 5, 210 cubic feet per acre 
Merchantable cubic feet 0 to 5, 000 cubic feet per acre 


| 

Combinations of the variables sampled can be determined by noting the 
locations of the entries in tables 4 to 9 (see pages 8 to 14). Each plot was 
carefully checked for uniformity of density, age, and site index. None of 
the plots had been thinned or otherwise disturbed during the 20-year period 
preceding measurement. 


A complete inventory was made on each plot, and data were obtained 
for computing the past stand. All trees were bored to determine radial 
growth at breast height for the past 10 and 20 years. Heights were measured 
on a sample of the trees and past height growth was determined by boring. 
The site index of each plot was computed from soil and topography (Myers 
and Van Deusen, 1960b) to avoid errors due to the effect of stand density on 
tree height. Average age of the main stand on each plot was determined; 
occasional small-invaders in stands of low density were omitted. Dead trees 
were measured and classed as having died 0-10, 11-20, or 21+ years ago. 
Dead trees on permanent plots and in stands thinned at known dates were used 
as guides in estimating time of death. 


Stand tables and height-over -diameter curves were prepared for the 
present stand and for the stand 10 and 20 years previously. Past diameters 
outside bark were determined from radial growth, with adjustments for bark 
growth (Myers and Van Deusen, 1958). Dead trees were included in the appro- 
priate past stand tables. The tables and curves were used to compute current 
and past basal areas and volumes by 0. 1l-inch d.b.h. classes. 


Total (Myers, 1957) and merchantable (Myers and Van Deusen, 1960a) 
volumes in cubic feet were computed. Total volumes were the volumes inside 
bark from ground to tip of all trees. Merchantable volumes were the volumes 
inside bark from the top of 0.5-foot stumps upward to where diameter inside 
bark was 4.0 inches. Merchantable volumes were computed for trees 6.0 
inches d.b.h. and larger. All stand measures were converted to amounts per 
acre before further analysis. 
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Equations for estimating average d.b.h. and other stand variables 10 and 
20 years after date of measurement were computed by linear multiple regres- 
sion with transformation of variables where necessary. The coefficients were 
tested by analysis of variance and only significant variables were included in 
the final equations. 


RESULTS 


Six equations with six tables for predicting diameters, basal areas, and 
total cubic -foot volumes were computed. Three of each were for stands after 
10 years and three for stands after 20 years. Reliability of each regression 
is indicated by a standard error of estimate (Sy) and a multiple correlation 
coefficient (R). Conversion factors are presented for computing merchantable 
cubic -foot and cord volumes from total cubic -foot volumes. Present and future 
values are for present and future live trees only; mortality is not included. 
Net periodic increments can be estimated by subtracting present from future 
diameters, basal areas, or volumes. 


DIAMETERS 


Average stand d.b.h. in 10 or 20 years can be estimated from present 
d.b.h., present basal area, and site index (tables 4, 7). Future d.b.h. 
increases with increase in present d.b.h. and site index. It decreases with 
increase in present basal area. For this study, a tree of average d.b.h. is 
a tree of average basal area. 


The tables give future diameters for site index 55, the average for the 
Black Hills. Diameters for other site indexes can be obtained by adding or 
subtracting the amounts indicated in the table footnotes. Straight-line inter - 
polation for intermediate values of all independent variables will give satis - 
factory results. 


The distribution of diameters in 10 or 20 years can be estimated from 
the coefficient of variation of diameter. It averages 29 percent in thinned 
and unthinned stands within the range of average diameters measured. Thus, 
about 68 percent of the trees will have diameters within + 29 percent of average 
d.b.h. About 95 percent of the tree diameters will be within + 58 percent of 
the average. 


BASAL AREAS 


Basal area per acre 10 years in the future can be estimated from present 
basal area, site index, and number of trees per acre (table 5). Stand age should 
also be used for estimating basal areas 20 years in the future (table 8). Future 
basal area increases with present basal area, site index, and number of trees 
per acre. It decreases with increased stand age during a 20-year period. 


The tables give future basal areas for site index 55 feet. Basal areas 
for other site indexes can be determined by using the values given in the table 
footnotes. Straight-line interpolation may be used for intermediate values of 
all independent variables. 


Although age was not a significant variable for estimating basal areas after 
10 years, it is probably a significant factor in basal area growth. Age proved 
highly significant (1 percent level) for estimating basal area after 20 years. 
Similar results have been reported for other species. 


TOTAL CUBIC VOLUMES 


Total cubic -foot volumes after 10 or 20 years can be estimated from 
present cubic-foot volume, site index, and number of trees per acre (tables 6, 9) 
Present basal area improves the estimates for periods of 10 years. Future total 
volume increases with present volume, site index, and number of trees. It 
decreases with increase in basal area. 


Tables 6 and 9 are more complex than the other growth tables because 
logarithmic values had to be used for three variables. Straight-line inter- 
polation for intermediate values of independent variables will be satisfactory 
for most purposes. The equations must be solved if greater accuracy is desired. 


MERCHANTABLE CUBIC VOLUMES 


Present and future merchantable cubic-foot volumes can be computed 
from present and future total cubic-foot volumes. To do this, determine 
present and future average d.b.h. and total volume of the stand and obtain 
the proper ratios from table 1. These ratios express plot volumes in mer- 
chantable cubic feet divided by the corresponding volumes in total cubic feet. 
Multiply the measured or computed total volume by the appropriate ratio to 
obtain merchantable volume. For example, total volume of a stand averaging 
7.0 inches d.b.h. is 3,500 cubic feet per acre. The ratio from table 1 for 
7.0 inches is 0.735. The product of 3,500 times 0.735 is 2,572 cubic feet. 


Table 1. --Ratios of merchantable cubic -foot to cubic -foot volumes for 
immature Black Hills ponderosa pine? 


Average 
stand d.b.h. 


Average 
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1 Basis: Plot volumes computed from merchantable (Myers and Van 
Deusen, 1960a) and total (Myers, 1957) cubic-foot volume tables. 


Accuracy of the ratios varies with average d.b.h. of the stand. In stands 
averaging 3.5 inches or less the ratios may indicate the presence of merchant- 
able volume where none actually exists. This is because the largest tree in one 
stand may be 5.9 inches, while in a similar stand it is 6.1 inches. One stand 
has merchantable volume while the other does not, yet both stands can have the 
same average d.b.h. In the sample plots with trees averaging more than 3.5 
inches, the difference between actual and computed merchantable volume was 
often 1 percent or less of actual volume. 


Future merchantable volumes can be computed from equations similar 
to those presented for total volume. Present merchantable volume, number of 
trees, and total volume in trees that are expected to grow to 6.0 inches d.b.h. 
during the period are significant independent variables. Equations solved with 
these variables, however, gave less accurate estimates of future volumes than 
the ratios. 


CORDWOOD VOLUMES 


Present and future cordwood volumes can be computed from corresponding 
merchantable cubic-foot volumes. Conversion factors have been developed for 
use with the merchantable cubic-foot volume table used in this study (Woodfin 
and Landt, 1960). The factors convert cubic volume to standard peeled or 
unpeeled cords. 


To illustrate, let us assume that a stand has an average volume of 2, Biliz. 
merchantable cubic feet per acre. The conversion factor for unpeeled cords 
is 76.92. The stand therefore has 2,572 + 76.92 or 33.4 standard cords of 
unpeeled pulpwood per acre. The factor for peeled wood is 98.39, so the stand 
has 26.1 peeled cords per acre. 


PERIODIC MORTALITY 
The number of trees that died in 10 or 20 years was related to the initial 


number of trees (table 2). The mortality reported represents averages for all 
plots measured. Some plots differed considerably from the averages. 


Table 2. --Decrease in number of trees per acre after 10 and 20 years 


Original stand 


(eEeen gee Bene. smmdsen) After 10 years : After 20 years 
Number Number 
200 196 193 
300 287 283 
400 385 380 
600 ® 583 576 
800 780 765 
1, 000 975 950 
1,500 1,455 1, 345 
2, 000 1,850 1, 670 
3, 000 2, 480 2,965 
4, 000 2, 950 Z 1520 
5, 000 3, 330 2,815 
6, 000 3, 580 3, 065 


Mortality was mostly limited to death by suppression of trees in the 
smallest size classes. The largest measured loss in merchantable volume 
in 20 years was 209 cubic feet per acre, less than 3 cords. On most of the 
plots on which the trees averaged 5.4 inches d.b.h. or larger, loss was less 
than 1 cord in 20 years. No merchantable cubic-foot volume was lost on plots 
where the trees averaged less than 5.4 inches d.b.h. 


Determination of mortality is an important source of error in studies of 
this type. The slow rate of decay in the Black Hills aided mortality estimation. 
Numerous areas thinned at known dates were available as study plots or to 
provide guides for dating time of death of trees on the study plots. Cut living 
and dead stems had been piled or laid perpendicular to the contour so trees that 
died and fell over after thinning were readily located. Suitable reconstructions 
of past stand tables could therefore be made. 


APPLICATION 


This method can be used to estimate the future characteristics of a stand 
or to compare potential results from alternate methods of treatment. For 
example, a stand now has the measurements given in column 2 of table 3. The 
stand may be thinned or left unthinned. If left unthinned, the stand after 10 
years will have the measurements given in column 4 of the table. Thinning to 
80 square feet of basal area might convert the present stand to one having the 
values shown in column 3. After 10 years the thinned stand would have the 
characteristics shown in column 5. With this information a land manager is 
in a better position to decide whether or not to thin to produce the product 
desired. 


Table 3. --Present and future stands per acre with two alternative 
methods of treatment 


Present amounts "= Amounts in 10 years 
Measure ; = = = 

‘ Unthinned | Thinned | Unthinned ‘ Thinned 
Site index 55 55 55 55 
D.b.h., inches 5.0 6.5 5.7 tes) 
Basal area, square feet 170 80 187 104 
Number of trees 1, 250 347 = laeZ0 335 
Total cubic feet 2, 000 1, 000 2,464 1, 528 
Merchantable cubic feet 670 670 1, 269 1, 204 
Unpeeled cords 8.7 8.7 16.5 SAN 


The characteristics of a stand after cutting can be determined by marking 
the stand for cutting and measuring the unmarked trees. Data from thinning 
studies (Myers, 1958) can be used to estimate changes due to thinning if infor- 
mation based on local practice is available. Better initial data will be obtained 
if thinnings are subtracted from present stand tables and diameters, basal areas, 
and volumes are computed from the adjusted tables. 


The equations and other prediction aids are intended for use only with 
existing stands within the range of variables sampled. Black Hills stands have 
suffered periods of suppression during their development. It is not known how 
well the equations will apply to stands that have not suffered similar periods 
of suppression. Extension of the results beyond the ranges of the variables 
sampled could result in errors. The possible magnitude of the errors cannot 
be foretold. 
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Tables for estimating average d,b.h., 
basal areas, and total cubic-foot 


volumes after 10 and 20 years. 


Table 4. --Average d.b.h. after 10 years, immature Black Hills ponderosa pine, ! 
site index 55 feet? 


D.b.h, at Basal area at beginning of period, square feet per acre 
beginning 
of period 30 50 80 110 140 170 200 230 


D.b.h. after 10 years, inches 


2.0 3.3 Sat 2.9 Z.7 2.6 (452) (402 2.4 
3.0 4,3 4.1 369) 3.8 Sali BANS) SD) 3.15 
4.0 5.4 bee 5.0 4.8 4.7 4.7 4.6 -- 
5.0 -- 6.2 6.0 5.9 5.8 5.7 56 -- 
6.0 -- Tae 7.0 6.9 6.8 6.7 -- -- 
7.0 -- 8.2 8.0 7.9 7.8 tho. -- -- 
8.0 ec 9.2 9.0 8.8 8.7 8.6 -- -- 
9.0 ‘-- 10.1 Bo) 9.8 oC 926 -- -- 
10.0 -- 11.0 10.8 10.7 10.6 10.5 -- -- 
11.0 -- 11.9 11.7 Wiig Oe Weg) 11.4 -- -- 


1 From e quation: 


Vi 1557 4.1. 13 Wx ON OL Tl X2)) <0: 966 ogy xXou+ ON OLGr xe, 
Where: Y = Average d.b.h. in 10 years 

X, = Present average d.b.h. 

X_y = Present basal area per acre 

X3 = Site index 

R = 0.9952 

Sy = 0.1941 inch 


2 Add 0.1 inch for each 5 feet above 55, subtract 0.1 inch for each 5 feet 
below. 


Table 5. --Basal area per acre after 10 years, immature Black Hills ponderosa 
pine,! site index 55 feet? 


Number Basal area at beginning of period, square feet per acre 
trees at . . . . . . . 

pee ane 200s 50) eecOmemInON (140): 170 =: 2001: 1230 
of period : i 3 : i 5 i 


- - - - - Basal area after 10 years, square feet - - - - - 


200 54 70 94 118 -- = -- == 
400 65 82 106 130 155 179 -- -- 
600 69 85 110 134 158 183 -- -- 
800 al 87 WZ 136 160 185 -- -- 
1,000 UZ 89 ES) 37 162 186 -- -- 
1,500 74 90 114 139 163 187 -- -- 
2,000 -- gil TS 140 164 188 (4M) -- 
3,000 -- -- 116 140 165 189 (ANS) -- 
4,000 -- -- as -- 165 189 214 -- 
5,000 -- -- -- -- 165 190 214 238 
6, 000 -- -- -- -- 166 190 214 238 


1 From equation: 
Yo =26.51 +O.81) xX +4 0,477 X, = 4709. 26/X, 
Where: Y = Basal area in 10 years 
X, = Present basal area 
X_ = Site index 
X3 = Number of trees per acre 
R = 0. 9833 
Sy = 8.07 square feet 


2 Add 2.4 square feet for each 5 feet above 55, subtract 2.4 square feet 
for each 5 feet below. 
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Table 7. --Average d.b.h. after 20 years, immature Black Hills ponderosa pine,! 
site index 55 feet? 


es Basal area at beginning of period, square feet per acre 
Cie nie S I) 630 Oye CONE MEK TO. BBO AP! B30 
------ - D.b.h. after 20 years, inches - - - - - = = 

2.0 4.1 Soke) 35.5) 35.5) Sl! 370 2.9 2.8 
310 53 5.0 4.7 4.4 4,3 ane. 4.0 3.9 
4.0 6.4 (oil 5.8 555 5.4 53 Spell -- 
5.0 -- CoP 6.9 6.6 655 6.4 Gar2 -- 
6.0 -- 8.2 end Uoll To8 1.4 -- -- 
7.0 -- 95,2 8.9 8.7 S15 8.4 -- -- 
8.0 -- 10.1 9.8 9.6 Oe Io -- -- 
9.0 -- Wits @) 10.7 O25 HOLS 10.2 -- -- 
10.0 -- Wal) Wile © 11.4 Mo 4 Dike al -- -- 
11.0 -- 12.8 W462: Zio 12.0 is &) aie On 


1 From equation: 
Y = 2.431 + 1.268 X, - 0.021 X,2 - 1.540 log Xp + 0.028 X; 
Where: Y = Average d.b.h. in 20 years 


X, = Present average d.b.h. 
x 


9 = Present basal area per acre 
X3 = Site index 
Ri =10519855 


Sy = 0. 3482 inch 


2 Add 0.3 inch for each 10 feet above 55, subtract 0.3 inch for each 10 
feet below. 
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